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Abstract: Siganids are marine fish which are potentially cultured in ponds or floating net 
cages. In attempt to produce spawners from wild fish stock, the Caligid Pseudocaligus 
uniartus appeared in culture facilities causing mild to heavily damage on infected fish. The 
purposes of this research were to study the mode of infection, biology and pathology of P. 
uniartus. Egg strings were collected from ovigerous females infecting Siganus guttatus. The 
parasite posses two nauplius stages, one copepodid, four chalimus stages and young adult. 
Hatching rates reached 96% at 20 ppt, and 94% and 90% at 25 and 30 ppt, respectively. The 
eggs started to hatch theree hours after incubation and most eggs had hatched within seven 
hours. Nauplius stages were estimated for about three hours. Copepodid remained alive after 
two days without host and started to die within three days and all died within six days. Newly 
attached copepodid as well as chalimus was mainly found on posterior part of dorsal and anal 
fins and pectoral fin. Young adult and/or adult parasite were found on the surface of the body, 
caudal and pectoral fins of host. The estimated time needed from copepodid to adult was 
seven days. All larvae have become adults on day 10.  The complete life cycle was estimated 
within 7.6 - 10.6 days. Heavily infected fish showed lesion on skin and eroded fins. Large 
number of inflammatory cells was infiltrated on the infected areas. 
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1.  Introduction
Indonesian Archipelago which consists 
of 104.000 km shoreline and 17.504 islands, 
fisheries sector plays an important role for 
economical growth of the regions. Such 
huge areas provide great opportunity for 
development of mariculture in many places 
in Indonesia including in South Sulawesi. 
Potential brackish water and marine 
aquaculture area is around 2.9 and 12.5 mil. 
ha, respectively. Present estimates suggest 
that only 23% of brackish water and 0.9% 
of mariculture potencies are in use (Ministry 
of Marine Affair and Fisheries of Indonesia, 
2011). Therefore, the potential spaces for 
marine aquaculture is considered to be 
particularly high.
There are some target species to be 
developed for floating net cage aquaculture 
in Indonesia, such fishes are grouper species 
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(Epinephelus sp., Cromileptes altivelis), 
snappers (Lutjanus sp.), wrasse (Cheilinus 
undulatus), sea bass (Lates calcarifer), 
and rabbit fish Siganus sp (mainly Siganus 
guttatus). Rabbit fish has been cultured since 
1970s (Stickney, 2000). Some advantages of 
rearing rabbitfish include tolerable to high 
densities required of fish for aquaculture, 
efficiently in utilizing a variety of natural and 
prepared feeds and tolerate handling stress, 
low levels of dissolved oxygen, a wide range 
of salinity, and water temperatures up to 34 
°C (Stickney, 2000). High tolerance of these 
fish to different salinity makes them possible 
to culture in either brackishwater ponds or 
in marine floatingnet cages. Main source 
of seeds for aquaculture was from wild 
captured fish, which is usually fluctuated 
seasonally in terms of number and quality of 
seeds. Therefore, seeds produced in hatchery 
are urgently needed. However, effort for trial 
breeding showed a very low survival rate 
(Rachmansyah et al., 2007).
For development of these species, 
collection of wild stocks to be spawners 
and its domestications has been the first 
priority. However, as it often happen in the 
development of aquaculture, the occurrence 
of diseases agents will follow. In fact, 
development of semi-intensive and intensive 
brackish-water and marine aquaculture 
around the world, occurrence of parasitic 
copepods as disease causing agents in 
aquaculture has become evident (Johnson et 
al., 2004). Among marine parasitic agents, 
copepod parasites member of parasitic 
Caligidae is one of the most common 
parasites which often appear associated with 
fish reared in brackish water or seawater. 
The well known caligid, Lepeophtheirus 
salmonis, infecting salmonid fish in Europe, 
and Caligus rogercrosseyi in Chile have 
caused significant losses to the cultured fish 
in the respective areas. It has been estimated 
that annual lost due to indirect and direct 
infection of sea lice alone in salmonid 
aquaculture were estimated to be greater 
than US$100 million (Johnson et al., 2004).
More than 450 species of Caligid has 
been reported in the world and about 45% 
of them were reported from Asian waters 
(Ho, 2004). In spite of highly impact of 
caligids parasite in marine aquaculture, only 
very limited information available on the 
occurrence of these parasite in Indonesia 
waters. Some caligid infection from 
various wild fish of the genus Caligus sp, 
and Pseudocaligus sp were reported from 
Segara Anakan, Lagoon Indonesia (Yuniar 
et al., 2007). Pseudocaligus apodus has been 
reported to cause disease in mullet culture in 
the Eastern Mediterranean (Paperna, 1975).
Parasitic copepods feed on host 
mucous, tissues,and blood, and due to their 
attachment and feeding activities, they can 
cause severe damage on fish skin (Johnson 
et al., 2004). The serious problems caused 
by Caligid parasites have lead to interest in 
studying biology of this parasite as well as 
its pathological effect. These parasites have 
direct life cycle which hatch egg to be two 
stages of nauplii, copedid, four stages of 
chalimus, young adult/preadult and adult.    
P. uniartus was first described from 
cultured siganid S. guttatus in Philippines 
(Ho et al., 2004).  This parasite infection was 
reported with high prevalence of infection 
ranging from 70-100% of fish cultured in 
ponds and floating cages. The parasite was 
thought to be host specific of S. guttatus. 
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This parasite has a size of about 2.0 mm and 
1.9 mm for female and male, respectively 
(Ho et al. 2004). In spite of being high 
prevalence of infection in the Philippines, 
no data available on fish mortality and 
its pathological effect due to this parasite 
infection. This parasite was reported in the 
North and Southern part of South Sulawesi 
where the siganid fish are reared, so we need 
to understand the biology and pathology of 
the species to better managemen and control 
infestations in aquaculture facilities.
2.  Materials and Methods
  2.1  Egg Collection and Hatching
Ovigerous females were collected from 
infected siganids reared in the Marine Station 
laboratory (Figure 1). The parasites were 
cleaned with filtered seawater several times 
in a petri dish. Egg strings from the parasites 
were removed and maintained in a petri 
dish. After washing several times with clean 
seawater, the egg strings were transferred 
to a clean and sterilized 48 well microplate 
containing three different seawater salinities, 
i.e. 20, 25 and 30 ppt, with 5 replications for 
the each salinity categories. Each well was 
filled with 2 mL seawater. Some pieces of 
egg strings containing total number of eggs of 
100, 109, and 102 were distributed evenly to 
the plate with respective salinities. Seawater 
was sterilized using 0.45 µM Millipore. 
The plate was kept in an incubator with 
the temperature of 28oC. Egg hatching was 
observed hourly and was terminated when no 
more eggs hatch for two consecutive hours. 
About 25% of seawater was changed daily. 
Observation of parasite larvae was continued 
until it moulted to copepodid stage. 
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Figure 1. Photograph of adult P. uniartus male (above) and posterior part of female showing 
egg string (beneath). Arrow shows reduced leg, typical for Pseudocaligus spp.
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  2.2  Life span of copepodid at different 
         salinities
Ovigerous female parasites were 
collected from heavily infected fish, placed 
them in a petri dish and wash several times 
with clean seawater. Egg strings from 
the parasites were removed and placed in 
petri dishes containing filtered seawater 
and incubated at 29 oC. After hatching and 
development through nauplius, copepodids 
were collected and placed 100 each into three 
small petri dishes filled with filtered seawater 
of 20 ppt, 25 ppt and 30 ppt.  Observation 
was conducted daily until all the copepodid 
died. 
  2.3   Infection Experiment and Develop 
          mental Stages of Larva
To study the developmental stages 
of parasites from copepodid until adult, 
infection experiment was conducted. 30 
fish (Length 8-12 cm, weight 9-24 g) were 
experimentally infected by cohabitation 
with 10 infected siganids (length; 11-18 
cm, weight 20-30 g) for 24 hours. The 
experimental fish were purchased from 
Brackishwater Aquaculture Development 
Centre (BADC), Takalar, South Sulawesi 
and before being experimentally infected, 
they were bath treated with 100 ppm formalin 
for 1 hour and then examined some fish to 
make sure that they were free from caligid 
infection. The infected fish were placed in a 
plastic tank with the size of 80 x 40 x 30 cm. 
In this tank, to separate between source of 
infection and the experimental fish, a small 
plastic bucket with the size of 60 x 20 x 15 cm 
was placed floated (with ¾ part submerged) 
and the caligid-free experimental fish were 
maintained in this small tank for 24 hours 
to allow the infective stage, the copepodid, 
to infect the experimental fish and thereafter 
the fish were transferred to a new container. 
To ensure good quality of the seawater, fish 
were not feed throughout experiment and 
strong aeration was also provided.
Observation was conducted daily after 
infection until adult female were found, and 
was terminated when no more eggs appeared 
in the egg strings. Three fish were randomly 
sampled, larval stages and its site preferences 
were noted. Observation was conducted daily. 
The whole fish body and fins were observed 
under stereo- and compound-microscope. 
Possible detached larvae in petri dish were 
also examined. The water temperature and 
salinity in the tank ranged from 27 to 29 
oC and 34 to 35 ppt, respectively during 
experiment. Identification of larva and adult 
stages of P. uniartus based on Ohtsuka et 
al. (2009), Ho et al (2004) and Gonzales & 
Carvajal (2003). Since chalimus larva uses 
its frontal filament for securely attach on 
host and moult several times until it becomes 
chalimus IV at the same site, we did not 
classify chalimus stages for microhabitat 
observation.  
  2.4  Histopathology
Moribund fish heavily infected with 
P. uniartus were taken, the site of infection 
showing wound were cut and fixed in 
Bouin’s solution for 24 hours and then 
transferred it to 70% ethanol before pursuing 
to histological process. The fins which were 
the sites of chalimus larvae were also fixed 
in Bouin’s solution and stored it in 70% 
ethanol for histopathological examination. 
The tissues were processed by standard 
histological techniques; dehydrated through 
alcohol series embedded in paraffin wax 
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and about 5 to 6 µm sections were stained 
in Hematoxylin & Eosin (H & E) staining 
solution. 
  2.5  Data Analysis
All data analyses were performed on 
non-parametric statistical test (Chi-square), 
using SPSS statistical package software 
version 16. 
3.  Results and Discussion
  3.1  Egg Hatching
The ovigerous females obtained from 
Siganus guttatus may contain slightly 
different number of egg sac of different 
individual and in the same individual. Egg 
showed high hatching rate ranges between 
90% - 96% at three different salinities tested. 
The highest one was 96% in the salinity of 
20 ppt followed by 94% and 90% at 25 ppt 
and 30 ppt, respectively (Figure 2). There 
was no significantly different of hatching 
rate between the salinities (Chi-square, 
χ2=2.7, df=2, P > 0.05). Experiment was 
set at midnight and observed hourly after no 
more eggs hatch for two consecutive hours. 
The eggs started to hatch three hours after 
incubation and 95% have hatched within 
seven hours at 20 ppt. The same pattern 
was observed at salinities 25 and 30 ppt, 
where most eggs have hatched within 7 
hours.  However, at salinities 25 and 30 
ppt egg hatching continues up to 10 hours 
(Figure 3). The newly hatching Nauplius at 
first showed motionless, and shortly after 
they swim with jerky movement, naupliar 
movement. Nauplis II was first observed 12 
hours following incubation and continued 
for about 15 hours. It was estimated that 
Nauplius II stages last for approximately 
three hours.  
Figure 2. Egg hatching rate of P. uniartus at different salinities
Figure 3. Cumulative percentage of hatching eggs hourly after incubation at different salinities
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Figure 4. Longevity of copepodid without host at different salinities
  3.2  Longevity of Copepodid
Longevity of copepodid showed 
similar pattern at the salinities tested (Figure 
4). At day 1 and day 2 all copepodid can 
survive and swim actively. However, on day 
3 some copepodid have already died and all 
copepodid died within six days without food 
or hosts. At 20 ppt, copepodid died faster 
than at 25 ppt and 30 ppt. Highly significant 
different at salinities tested of copepodid 
survival was observed on day 4, where 
survival at salinity 20 ppt was significantly 
lower (Chisquare, χ2=9.9, df=2, P <0.01), 
on day 5 survival rate at salinity remained 
lower (Chisquare, χ2=8.1, df=2, P <0.05), 
while at salinity 25 ppt and 30 ppt showed 
similar pattern until all copepodid have died. 
Copepodid was categorized as “dead” when 
they were found laid on the bottom and no 
movement with disturbance. 
  3.3   Life Cycle and Developmental Stages 
         of  P. Uniartus
There are three free swimming stages 
were observed; two nauplius stages and 
1 copepodid. 4 chalimus stages attached 
securely with its frontal filament on fish fins, 
and young adult/adult stages were observed 
on the fins and body surface.
Developmental stages of copepod 
until it becomes adult were experimentally 
observed. For technical reasons and 
difficulties to obtain large number 
copepodids, the experimental fish were 
infected by cohabitation (Figure 5). On day 
1 after infection, copepodid and chalimus 
I stages were found on the fish. Copepodid 
attached on the host using grasping antennae 
and maxillipeds, whereas chalimus using 
frontal filament. On day 2 no more copepodid 
were observed. On day 2, chalimus I and 
II were observed and all have moulted to 
become chalimus II on day 3. 
Chalimus II were still observed on day 
4, however most larval found were in the 
stages chalimus III and about 9% of both 
chalimus IV and young adult parasite were 
already found. On day 5 and 6, chalimus 
IV dominated, and percentage of young 
adult increased. On day 7, parasite stages 
were dominated by young adult and 22% 
were already in adult stage. Percentage of 
adult increased by day 8 and 9, and on day 
10 all parasite have become adult stage. It 
is estimated that the whole life cycle was 
completed within 183 to 255 hours or 7.6 to 
10.6 days.
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Figure 5. Developmental stages of P. uniartus on fish. A: adult, YA: young adult, Ch I, II, III, 
IV: chalimus I to IV, and Cop: copepodid
 3.4   Microhabitat of P. Uniartus
Newly attachment copepodid were 
observed on the posterior part of dorsal 
and anal fins, and on caudal fin of fish. 
No copepodid was observed on the fish 
body surface. There was no difference of 
copepodid preference on the fins statistically 
(Chisquare, χ2=1.8, df=1, P>0.05). Chalimus 
were found on posterior of both dorsal 
and anal fins, and few were found on the 
anterior part and on pectoral fin. In terms of 
preference, chalimus prefer to occupy the 
posterior part of dorsal and anal fins than on 
the anterior ones (Chisquare, χ2=4.5, df=1, P 
<0.05). 
Adult parasites were found on body 
surface, pectoral and caudal fins. No adult 
was found on the dorsal and anal fins. Any 
stages of parasite were not found on pelvic 
fin. However, in very heavy infection, adult/
young adult parasite might be found on the 
whole body surface and fins of fish. A heavily 
infected fin by chalimus stages was shown in 
Figure 6.
29
Figure 6. Microhabitat of P. uniartus at different developemental stages (*=copepodid, 
□=chalimus, ●=adult)
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  3.5  Histopathology of Parasite Infection
Fish heavily infected with P. uniartus 
has degraded fins and body surface. In many 
cases, the infected of fish with degraded fins 
and skins were still swimming around and 
died within few 1 or 2 days. Due to mode 
of attachment of chalimus and feeding 
behavior of adult parasite caused the fins 
and epidermis layer of skins eroded. Heavy 
infection of fins by chalimus caused heavy 
damage on the fins. 
In the later stage, the fins become 
completely eroded (Figure 7). Histologically, 
the epidermal layer of skin was deeply 
eroded. On the infection site of body surface, 
infiltration of inflammatory cells were 
observed (Figure 8). Unfortunately there 
was no histological picture available from 
uninfected fish, so unable us to compare 
between infected and uninfected one.
Figure 7. Large number of chalimus attaches on Siganus guttatus fins (arrows)
30
Figure 8. Heavily infected siganus guttatus shows extensive lesions on skin and eroded fins 
(arrows)
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Caligid copepods have direct life cycle 
involving several stages in their life cycle. 
Generally, they have 2 free-living planktonic 
nauplius stages, 1 free-swimming infectious 
copepodid stage, 4 to 6 attached chalimus 
stages, 1 or 2 preadult stages, and 1 adult 
stage (Lin et al., 1993; Johnson et al., 2004). 
Some caligids do not involve preadult stages, 
as was reported from Caligus punctatus 
and C. elongates (Kim, 1993; Piasecki 
and MacKinnon, 1995; Piasecki, 1996; 
Ogawa, 1992; Lin et al., 1996; Pike and 
Wadsworth 1999). The life cycle of genera 
Pseudocaligus, Pseudocaligus fugu, was 
first described by Ohtsuka et al. (2009). The 
authors described two nauplius stages, one 
copepodid, 4 chalimus stages, and young 
adult/adult stages of the parasite, which is 
comparable to P. uniartus.  
The whole life cycle of this parasite 
was estimated from 7 to 10 days at the water 
temperature of 27 to 20 oC and salinity of 34 
to 35 ppt from copepodid stage to become 
adult. Time taken to complete life cycle is 
highly depending on water temperature as 
was shown in C. rogercrosseyi (Gonzales 
and Carbajal, 2003). However, at the 
temperature where normally siganid fish are 
cultured, the life cycle of this parasite is the 
shortest. Therefore, without proper treatment 
population of parasite will be huge within 
a short period. The only treatment practice 
implemented in control facilities in South 
Sulawesi is a freshwater bath treatment 
routinely every two weeks. 
This practice has been proven effective 
in reducing effect of the parasite infection. 
However, diseases broodstocks showing 
sign dark in color and loss of appetite was 
not uncommon. Considering the complete 
life cycle of the parasite which only takes 7 
to 10 days, freshwater bath treatment should 
be done every week.  Life span of copepodid 
lasts for five days without host, but it might 
be active and infective soon hosts are present 
(Gonzales and Carbajal, 2003). Therefore, 
other practice for eliminating copepodid 
stages in culture system is to remove water 
from surface, since this positive phototaxis 
stages parasite swim on the water surface.   
Pathological effect of caligids has been 
reported by some authors with ranging from 
mild to severe pathological effect of hosts 
depend on parasite species. Caligids mainly 
feeds on host mucous, tissues, and blood, 
and due to their attachment and feeding 
activities primary disease might be develop. 
It has been reported that pathological effect 
occurred as a result of mode of attachment 
and feeding activities of copepodid and 
chalimus stages causing variable degree of 
localized damage that elicit only minor host 
tissue responses (Bron et al., 1991; Johnson 
and Albright, 1992; Roubal, 1994; Pike and 
Wadsworth, 1999). Chalimus of P. uniartus 
attached mainly on the fins caused serious 
eroded fins.
Studies of pathological effect of adult 
caligids showed that in most cases preadult 
and adult stages are not very invasive, 
generally not penetrating deeply into host 
tissues and only causing minor tissue damage 
(Ogawa, 1992; Roubal, 1994, Johnson et 
al., 1996). However, in situations of severe 
disease such as is seen in Atlantic salmon 
(Salmo salar) when infected by high numbers 
of Lepeophtheirus salmonis, extensive areas 
of skin erosion and hemorrhaging on the head 
and back, and a distinct area of erosion and 
sub-epidermal hemorrhage in the perianal 
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region can be seen (Brandal and Egidius, 
1979; Pike and Wadsworth, 1999). The same 
case was found on P. uniartus infection 
where in heavy infection, the parasite causes 
extensive lesion and eroded host tissues, 
and subsequent mortality perhaps due to 
osmoregulatory problems or secondary 
infection.
In South Sulawesi, siganids were 
initially collected from wild fish and then 
they were screened and selected to become 
a spawner (Figure 9). Siganids was started 
to be domesticated and produced spawners 
from wild fish in year of 2004/2005. During 
domestication and seed production, infection 
of P. uniartus was encountered and in many 
cases the parasite caused big damage to 
the infected fish without proper treatment. 
This parasite infects both S. guttatus and S. 
vermiculatus reared in aquaculture facilities 
in South Sulawesi. It has been reported that 
mass mortality of the fish associated with 
the parasite infection. Since then, routine 
bath treatment every two weeks were done 
to eliminate adult stages. In 2010, during 
July to August around 40% mortality of 
S. guttatus was recorded associated with 
occurrence of P. uniartus (Samuel Lante, 
personal communication).
4.  Conclusion 
This parasite has a very short life cycle 
compare to other reported caligids. Its severe 
pathological effect on the fins and body 
surface indicating that this parasite will be a 
bottle neck on the mariculture development 
program of siganids in South Sulawesi. 
More frequent freshwater treatment is 
recommended and removing copepodid 
by throwing water surface should also be 
considered. 
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